Lin: An empirical research on eco-compensation strategy for handling non-point source pollution of water bodies - Abstract. This paper attempts to disclose the farmers' selection bases among different eco-compensation options for the reduction of fertilizer use, a typical non-point source (NPS) of water pollution. Firstly, the reduction methods were divided into six types. Then a survey was carried out on the farmers near two water bodies in south-eastern China's Zhejiang Province, namely, Qiaodun Reservoir and Siming Lake Reservoir. It was found that when multiple options are available, financial compensation is the most favoured one among farmers, followed by technical learning and policy compensation; the organic fertilizer has the lowest acceptance. Next, a simultaneous bivariate probit model was established to illustrate the effect of each factor on farmers' selection between intellectual and non-intellectual technical compensations, and between alternative and organic fertilizers. Meanwhile, the farmers' intentions on policy compensation were examined by the binary probit model. The modelling results show that: the farmers prefer compensation options that complement each other and wish the government could offer integrated compensation plans of these options; the age and education level of house owner, coupled with family income, farmland area, farmland fragmentation, production efficiency and farmers' willingness to reduce fertilizer application all have important impacts on the selection of compensation means.
Introduction
Humans freely receive ecological services from properly-functioning ecosystems like the aquatic ecosystem, i.e. the ecosystem in a body of water (Karabulut et al., 2016) . Water bodies are the sources of water supply to urban and rural areas, and require strict measures on environmental safety (Ademila and Saloko, 2018; Joldeș et a., 2017; Jian, 2018; Ganiron, 2017; Grafton et al., 2017; Tian et al., 2018) . However, fresh water resources have been utilized in a non-sustainable way, as they are widely viewed as inexhaustible, free or low-cost public resources (Perry and Berry, 2016; Yihdego and Khalil, 2017) . To solve the problem, China has restricted and even banned the development of many water bodies, and invested more into the construction of sewage pipes and other discharge facilities. These moves have paid off: industrial point source (PS) pollution is placed under control, and domestic wastewater can now be disposed of satisfactorily (Moges et al., 2016; Fales et al., 2016) .
Despite the above efforts, the agricultural non-point source (NPS) pollution in crop farming still poses a challenge to the safety of water bodies, because the NPS pollution is highly dispersed, concealed, random, uncertain, extensive and undetectable (Álvarez et al., 2017; Smith et al., 2017; Herrera et al., 2017) . This universal problem, especially the fertilizer NPS pollution, has attracted much attention from scholars around the world (Jin, 2013; Pott and Fohrer, 2017) . Studies have shown that dissolved fertilizer, a main pollutant to water quality, can enter water bodies through surface runoff, farmland irrigation and drainage (Kreuger et al., 2008; Kronvang et al., 2008; Neumann et al., 2011; Sun et al., 2012) .
On the correlation between agriculture and water quality, irresponsible use of farmland has been widely regarded as the primary cause of agricultural NPS pollution to water bodies (Rodrigues et al., 2018; Corneil et al., 2018; . Since the "household responsibility system" was implemented in late 1970s, Chinese farmers have been officially recognized as the basic units of agricultural production, management and decision-making (Ji et al., 1999) . The agricultural NPS pollution can be attributed to the irrational decisions of farmers under various factors, ranging from social environment, item property, individual preference to laws and regulations (Feng et al., 2006; Liang et al., 2015) . The farmers tend to make irrational decisions when they are worried about the yield and production scale, unclear of the pollution source or the importance of pollution control, and in lack of practice instructions or convenient farming techniques (Zhang, 2015) .
One of the viable options to reduce agricultural NPS pollution to water bodies lies in conservation tillage (Doreen et al., 2018) . This is a tillage system that creates a suitable soil environment for growing a crop and that conserves soil, water and energy resources mainly through the reduction in the intensity of tillage, and retention of plant residues. However, the conservation tillage may bring the risk of output reduction, and make farming income uncertain. As a result, many farmers are reluctant to implement conservation tillage without proper compensation, even if they are risk takers (Klemme, 1985) .
In the last two decades, many international organizations and governments have provided eco-compensations for protective actions aiding water bodies (Wunder, 2015; Ze et al., 2017) . A perfect eco-compensation mechanism helps to enhance the values and benefits of ecological services, remove policy constraints on farmers' demand for individual development, and arouse the enthusiasm of farmers in pollution control activities (Xie and Li, 2016; Vogl et al., 2017; Villarroya et al., 2014; Chang et al., 2013) . Out of the many eco-compensation policies, financial compensation like transfer payment has long been the most effective way to prevent agricultural NPS pollution to regional water bodies, because it is easy to quantify and measure. As farmers now expect more diverse means of compensation, it is imperative to develop various compensation mechanisms according to local conditions (Research Group on Eco-Compensation Mechanism and Policies in China, 2007) .
The farmers must make prudent choices among various compensation mechanisms. After all, not every form of compensation is effective, and some may even have negative consequences. For example, over compensation may dampen the farmers' enthusiasm about sustainable farming and environmental protection, in that the subsidy to be received is negatively correlated with the environmental improvement (Aretino et al., 2001 ). Moreover, subsidy may distort the resource allocation, giving subsidized farmers more market power over the unsubsidized (Macintosh and Denniss, 2004) . Rationality and fairness are two key attributes of a good compensation mechanism. If either of them is overlooked, the compensation will not achieve the desired goals.
Currently, the government, the dominating party of eco-compensation practices, fails to understand the wishes of farmers or their reasons to change behavior (Huber et al., 2012) . With the changes in farmers' demand, the compensation effectiveness now hinges on the rationality of the compensation means, in addition to the amount of compensation. However, there is no consensus on what makes a compensation policy rational. Some scholars held that farmers are biased towards cash compensation (Xu et al., 2013; Yang and Cai, 2012) , while some others believed that farmers prefer technical compensation (Shi et al., 2014) . To sum up, these discussions show that the limitations should be considered in the design of any compensation method, because the farmers' preference for compensation means varies with regions, cultures and populations. This means the choice of compensation tools should be discussed from a more microscopic perspective. Therefore, this paper explores farmers' choice between different compensation means for the abandonment of chemical fertilizer, a typical NPS of agricultural pollution to water bodies.
Selection bases of compensation means

Classification of compensation means
The compensation methods for prevention and control of agricultural NPS pollution mainly fall into four categories, namely, financial compensation, physical compensation, technical compensation and policy compensation. The details on these types of compensation are provided below.
(1) Financial compensation
As its name implies, financial compensation refers to the direct financial incentives for farmers to adopt protective measures, or the financial subsidy for the cost of taking such measures. It is commonly applied in China's "Grain for Green" program.
(2) Physical compensation
Physical compensation, e.g. seed compensation and gasoline compensation, is a collective term for any compensation means that improves the productive capacity of ecological service providers through the provision of production factors or living factors.
(3) Technical compensation
Technical compensation is either intellectual or non-intellectual. The intellectual technical compensation aims to enhance the implicit, materialized technologies, such as the farmers' ability of unified farmland management, through training, demonstration and subsidies. By contrast, the non-intellectual technical compensation mainly subsidizes farmers for the implementation of knowledge-based technologies.
(4) Policy compensation
Policy compensation generally means the preferential policies issued by the superior government to the lower government, giving the recipients various preferential treatments on agricultural structure, employment and social security.
Each of the above compensation methods has its advantages and disadvantages. In fact, the selection of compensation means is tradeoff between financial and nonfinancial compensations, between transfusion and hematopoietic compensations, as well as between coupling and decoupling compensations. http 
Typical selection bases
For the farmers who have adopted conservation tillage, eco-compensation may exist in direct forms as funds, physical objects, technologies or policies, and in indirect forms as government-funded projects on environmental protection, economic construction and social security. The direct compensation boosts the income and productivity of the farmers, while the indirect compensation benefits the farmers through the improvement of the social environment.
In this paper, the direct compensation is taken as the example to illustrate the bases of farmers' selection among different compensation means. This is because direct compensation reminds farmers of the purpose of compensation, while giving them direct benefits. Moreover, direct compensation can be investigated by closed and open questionnaire surveys, which are familiar to farmers.
Considering the important supplementary function of policy compensation, this paper makes "other jobs" an indicator of policy compensation related to agricultural activities. Here, "other jobs" refers to the jobs created by agricultural restructuring and offered by other industries, with the aim to encourage farmers to stop un-green farming practices, such as planting polluting crops.
In view of the general fertilization techniques of farmland, our questionnaire offers the farmers different combinations of compensation options targeting six conventional control methods for NPS pollution of chemical fertilizer. These control methods directly affect the farmland management ( Table 1) The above compensation means all belong to direct compensation. The financial compensation and physical compensation are transfusion compensation, while technical compensation and policy compensation are hematopoietic compensation. Moreover, financial, physical and technical compensations fall in the category of coupling compensation, while policy compensation fits into decoupling compensation. 
Materials and methods
Study area overview
Our research targets Qiaodun Reservoir in Yuyao City and Siming Lake Reservoir in Cangnan County, southeastern China's Zhejiang Province. The two medium-sized reservoirs are the major sources of water supply to the county. However, both water bodies have suffered from severe eutrophication, and face potential agricultural pollution.
Thanks to the provincial eco-compensation practices, the local farmers are now aware of conservation tillage, laying a good basis for our survey. However, the farmers mainly rely on agriculture for a living and have not acquired sufficient knowledge on scientific farming. Since rice is the dominant crop in the study area, rice growers were selected as the research objects.
Survey design description
From March 2014 to January 2015, our survey was carried out in 12 villages near Qiaodun Reservoir and 9 villages near Siming Lake Reservoir. These villages were identified by stratified random sampling, considering such factors as rice planting area, economic development and location. In each village, 30 farmers were selected for the one-on-one interview, which was designed to acquire their basic information and selection bases for compensation means.
A questionnaire was prepared for the interview. Since real-world eco-compensations often combine multiple methods, our questionnaire offers the farmers with six compensation options targeting conventional control methods for NPS pollution of chemical fertilizer, and asks them to choose three compensation methods out of the six options.
Based on the questionnaire, the interview was conducted in three steps: (1) Present the compensation options, ask the farmer to select the most desired option, and mark the selected option with the number "1"; (2) Ask the farmer to select the next desired option from the unselected options, and mark the selected option with the number "2"; (3) Ask the farmer to select the next desired option from the unselected options, and mark the selected option with the number "3".
The option selected in Step 1 is the compensation means with the maximum utility. The farmers have basically the same demand for compensation means, except a slight difference between individuals. The general principle is that the attributes and features of the selected option must satisfy the farmers' requirements of use. In other words, the compensation options are selected based on the farmers' demand and preference on the attributes of such options.
A total of 360 questionnaires were sent out to the villages near Qiaodun Reservoir and 270 to those near Siming Lake Reservoir. In the end, 323 and 218 valid questionnaires were returned from the two groups of villages, respectively. 
Sample features
Methods and modelling
The farmers' willingness to select a compensation means is a binary discrete choice variable. Both financial and physical compensations belong to transfusion compensation, and directly make up for the economic losses of farmers. There might be some correlations between the two compensation options, because they tend to be selected by farmers under the same influencing factors. The same relationship may exist between intellectual and non-intellectual technical compensations.
Since financial and grain compensations are independent of each other, there are four possible choices for farmers: selecting both options, selecting financial compensation, selecting grain compensation and selecting neither option.
Let Y1 and Y2 be the selection of financial compensation and that of grain compensation, respectively. If the farmer being interviewed selects financial compensation, the value of Y1 should be recorded as 1; otherwise, the value of Y1 should be recorded as 0. Similarly, if the farmer selects grain compensation, the value of Y2 should be recorded as 1; otherwise, the value of Y2 should be recorded as 0. Then, the four possible choices can be expressed as (1,1), (1,0), (0,1) and (0,0), respectively.
In light of the above, a simultaneous bivariate probit model was established to illustrate the effect of each factor on farmers' selection (Greene, 2008 
If , the financial compensation has a positive utility and is favored by the farmer. In this case, the output variable Y1 equals 1. Otherwise, Y1 = 0. If > 0, the grain compensation has a positive utility and is favored by the farmer. In this case, Y2 = 1. Otherwise, Y2 = 0.
Under the condition of a significant ρ value, ε1 and ε2 are irrelevant if ρ = 0, that is, the two equations of our model can be estimated separately, and the estimated results agree with the results of simultaneous estimation; if ρ > 0, Y1 and Y2 complement each other; if ρ < 0, Y1 and Y2 exclude each other.
The simultaneous bivariate probit model was also adopted to analyze the farmers' selection between intellectual and non-intellectual technical compensations, and between alternative and organic fertilizers; the farmers' intentions on policy compensation were examined by the binary probit model.
Variable selection
As shown in Table 3 , the influencing factors in this research include personal information, farmer productivity, family information, farmland features, farmland management, village economy and regional variable. Specifically, personal information covers the age (age) and education level (edu) of house owner; family information refers to the annual family income (inc); farmland features include farmland area (ara) and farmland fragmentation (ldf); farmland management features refers to production efficiency (eff) and farmers' willingness to reduce fertilizer application (wtr); Regional variable (reg) refers to the investigation site the farmer belonged to, Qiaodun reservoir watershed or Siming Lake reservoir watershed.
Results
With the aid of Stata 9.0 software, the simultaneous bivariate probit model and the binary probit model were adopted for the empirical analysis on farmer's selection of eco-compensation options for chemical fertilizer reduction. The estimation results and significance test results are listed in Table 4 .
As shown in (
1) Age of house owner
The age of house owner has a positive impact on farmers' selection of financial compensation (p < 1%). Then, it can be deduced that old farmers are willing to accept grain compensation, considering the complementary effect between financial and grain compensations. This deduction is proved by the results in the above table: the age of house owner has a positive impact on farmers' selection of grain compensation. These relationships can be explained as follows. Compared with young farmers, old farmers are concerned with collective interests and government instructions, and thus expect a limited compensation for chemical fertilizer reduction. Therefore, financial compensation, known for its simplicity, directness and flexibility, wins more recognition among old farmers than young farmers. The age of house owner has a negative impact on farmers' selection of intellectual compensation (p < 10%). This is because old farmers are confident about their farming experience, and find re-education unnecessary. In addition, non-intellectual compensation is positively affected by the age of house owner, due to the positive impact of the age on organic fertilizer. In fact, the age is negatively correlated with alternative fertilizer. After all, old farmers are very aware of long-term ecological benefits, as organic fertilizer is the most effective way to reduce chemical fertilizer in individual farmland management.
Furthermore, the age of house owner has a negative impact on policy compensation (other jobs) (p < 1%), i.e. old farmers do not like job opportunities other than farming. There are two possible reasons: old farmers want to maintain a stable income and consumption structure, rather than take the risk of reemployment or job-hopping; most employers only recruit people under 60. 
(2) Education level
The education level only directly affects the selection of grain compensation and policy compensation (other jobs): it is negatively correlated with the selection of grain compensation (p < 5%), and positively with that of policy compensation (p < 1%). A possible reason lies in the strong learning and cognitive abilities of well-educated farmers. These farmers are good at acquiring information, clear about government intentions and concerned with rights. In their eyes, compensation is often insufficient and poor in quality. Thus, many of the well-educated farmers want to have other job opportunities. It is worth mentioning that 83% of well-educated respondents are younger than 50, which confirms the negative correlation between age and policy compensation.
(3) Annual family income
The annual family income mainly has a negative impact on farmers' selection of financial compensation (p < 10%). Rich families are not very dependent on farm income. Their engagement in agricultural activities is mainly a pursuit for high-quality food. Farmers from these families are discouraged by the labor-intensity and strict requirements of conservation tillage. Therefore, financial compensation is not favored by rich families. On the contrary, farmers from poor families prefer financial compensation, and often ask for excessively high compensation due to the poor awareness of scientific farming and conservation policies. Apart from this, the annual family income has a very limited impact on the selection of other compensation options.
(4) Farmland area
The farmland area has a negative impact on farmers' selection of financial compensation (p < 5%). The farmers with lots of farmland prefer non-financial compensation, because of the positive correlation between farmland area and the risk of yield loss under self-management. This is partly verified by farmers' selection of nonintellectual compensation. As shown in Table 4 , the selection of non-intellectual compensation is positively affected by the farmland area (p < 10%), so does organic fertilizer (p < 10%). In addition, it can be seen from farmers' selection of organic fertilizer in different farmland areas that: farmers managing a larger farmland are more willing to make long-term investment. The reason is very simple: such farmers hold a favorable opinion of farming and want to enhance crop yield with organic fertilizer.
(5) Farmland fragmentation
Farmland fragmentation has a negative impact on farmers' selection of policy compensation (p < 5%), which goes against the conventional knowledge that farmers are eager to change jobs when their farmland is fragmented, as fragmentation pushes up transport cost and hinders mechanized farming. Here, farmland fragmentation has no significant impact on other coupling compensation, indicating that farmers' demand for compensation remains constant despite difference in farmland conditions. Even if the farmland is highly fragmented, the farmers will not choose other jobs, because they rely on agriculture for a living. Lacking the knowledge of other jobs, they hope to maintain the current production scale, and safeguard the basic livelihood. http://www.aloki.hu • 
(6) Production efficiency
Production efficiency has a positive impact on farmers' selection of financial compensation (p < 10%), and a negative impact on that of intellectual technical compensation and alternative fertilizer (p < 5%). The higher the production efficiency, the more favorable is financial compensation among the farmers. This agrees well with the provision condition of financial compensation: farmers must know the way to allocate fund to farmland management in an efficient manner. The same explains why farmers do not want technical compensation, especially intellectual compensation like education and training, when the production efficiency is already high.
(7) Farmers' willingness to reduce fertilizer application
Grain compensation (p < 1%) and policy compensation (p < 10%) are positively affected by farmers' willingness to reduce fertilizer application, while intellectual technical compensation and alternative fertilizer (p < 1%) are negatively affected. In other words, the farmers willing to reduce fertilizer application prefer financial compensation to technical compensation, as such farmers are optimistic about the yield loss. Note that some of these farmers are willing to reduce the amount of fertilizer as a way of conservation tillage. They are willing to bear yield loss as long as it can be eventually compensated. Thus, these farmers have a low demand for intellectual technical compensation and alternative fertilizer.
(8) Regional variable
Regional variable has a positive impact on financial compensation, grain compensation and policy compensation (p < 1%), and a negative impact on intellectual and non-intellectual technical compensations (p < 1%). Overall, the farmers living near Qiaodun Reservoir are more likely to accept financial and policy compensations and less likely to accept technical compensation than those near Siming Lake Reservoir. This conclusion is consistent with the actual situation. In the periphery of Qiaodun Reservoir, more than 60% of family income is from agriculture, owing to the dense population, poor traffic and lack of competitive industry. By contrast, those living near Siming Lake Reservoir have plenty of job opportunities in other industries, and farming income only accounts for 10% of family income.
Discussion
This paper explores the farmers' selection of compensation means for chemical fertilizer reduction, and divides the reduction methods into six types, namely, financial compensation, grain compensation, technical learning, alternative fertilizer; organic fertilizer, and policy compensation. Through a questionnaire survey, the farmers' acceptance of different compensation options was summed up as: Besides the popularity option of financial compensation, the farmers are willing to accept non-financial compensation means, and the options with features of transfusion and coupling compensations; the stability is the top concern in the selection process, while function and flexibility are also considered; when multiple options are available, financial compensation is the most favorite one among farmers, followed by technical learning and policy compensation; the organic fertilizer has the lowest acceptance. factor on farmers' selection between intellectual and non-intellectual technical compensations, and between alternative and organic fertilizers. Meanwhile, the farmers' intentions on policy compensation were examined by the binary probit model. The following conclusions were drawn through the empirical analysis on the modelling results.
The farmers' selection process is greatly affected by their awareness of the yield loss risk incurred by the reduction of chemical fertilizer. This risk is difficult to control at least in the short term if the farmers abandon long-term fertilization. However, chemical fertilizer is more controllable than pesticide, and the reduction consequences are not hard to predict. Our research reveals that farmers prefer the combination of compensation options that complement each other, and wish the government could provide compensation in a concentrated and practical manner.
The age of house owner is the key determination of the farmers' selection process. Old farmers are more conservative about alternative options, and stick to financial compensation and grain compensation. By contrast, young farmers are willing to improve farmland management and learn new techniques through intellectual technical compensation.
The education level of house owner has a negatively impact on the selection of grain compensation and intellectual technical compensation. Well-educated farmers are interested in non-financial compensation and policy compensation (other jobs).
The farmland area is negatively correlated with the selection of financial compensation. The farmers owning a large piece of farmland tend to choose alternative options and non-intellectual technical compensation.
The farmland fragmentation suppresses farmers' demand for non-agricultural job opportunities. Even if the farmland is highly fragmented, the farmers will not choose other jobs when they rely on agriculture for a living.
The production efficiency and farmers' willingness to reduce fertilizer application have similar effects on farmers' selection process. The farmers with high production efficiency are willing to reduce the use of chemical fertilizer and receive financial compensation instead of technical compensation. The farmers living near Qiaodun Reservoir, where the social and economic environment is relatively inferior, are more likely to accept financial and policy compensations and less likely to accept technical compensation, than those living near Siming Lake Reservoir. Even so, these farmers expect the government to provide intellectual technical compensation to control the risk of yield loss. In a word, the farmers living near Qiaodun Reservoir demand more opportunities for personal development.
Conclusions
Based on the above discussions, the following measures were designed for the government to encourage farmers' participation in fertilizer reduction and protect the quality of water bodies.
(1) Integrate different compensation options into a scientific and rational plan for farmers.
Considering the complementary effect between different compensation options, the government is advised to combine several compensation options that serve the same purpose and suit the same type of farmers into an integrated compensation plan, in light http://www.aloki.hu • of the local conditions. Such a plan could promote the farmers' awareness of fertilizer pollution and boost their willingness to adopt reduction measures.
(2) Highlight the guidance of financial compensation on farmers' behaviors. The financial compensation improves the direct income of any type of farmers, and thus enjoys a high acceptance among them. Despite its obvious incentive effect, the financial compensation should not be provided in advance, due to the presence of moral hazard. Instead, this compensation option should be given after the fertilizer reduction, and used to reward the farmers' purchase of techniques.
(3) Improve the acceptance of technical compensation through various channels. The rejection of technical compensation is mainly attributable to the myth that farming is an empirical, not technical, process, as well as the farmers' poor awareness of environmental protection and blind trust in traditional low-cost, efficient but polluting tillage methods. To solve the problem, the government should provide regular training in the field and through channels like TV, radio and the Internet, remind the farmers of the importance of water conservation and the harm of chemical fertilizer to water bodies, and subsidize the purchase of alternative techniques to fertilizer application.
(4) Create job opportunities for farmers less willing to cut fertilizer application.
For various reasons, farmers may reject any compensation for fertilizer reduction. These farmers often have a special preference for jobs in other industries. Thus, it is suggested that the government implement "agricultural to non-agricultural" plans, giving these farmers new job opportunities. In places with good agricultural conditions, efforts should be made to develop green agriculture (e.g. family farm and ecological farm) and plant crops (e.g. potatoes and corns) requiring little fertilization. In places with poor agricultural conditions, the excess labor forces should be transferred to the downstream through ecological migration or non-agricultural reemployment. The emigration will benefit the ecology of the water bodies.
On the whole, the paper focuses on discussing whether there is a substitution relationship or complementary relationship between farmers' acquisition intentions of same type of compensation tools, and proposes that various means of compensation should have corresponding optimal providing ways (providing separately or in combination). As the acquisition and adoption of a single compensation tool is not the major concern of the study, there is no further research on the hematopoietic compensation type compensation, "other jobs" as career transfer, which can thoroughly eradicate pollution and is conducive to farmers' creating income. Farmers' career transfer involves the transportation and interconnection of agricultural labor in different employment areas. There are still lots of practical problems crying out for solution such as "what kind of local career transfer mode should be established", "how to formulate farmers' career transfer compensation scheme", "how to guarantee the continuity of employment", "how to ensure the stability of farmers' incomes", and so on. Therefore, it is an area worth further research.
